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RHIC Il - luminosity evolution
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RHIC Il Luminosities with Electron Cooling

Gold collisions (100 GeV/n x 100 GeV/n): w/o e-cooling with e-cooling
Emittance (95%) um 15 — 40 15— 10

Beta function at IR [m] 1.0 1.0

Number of bunches 112 112

Bunch population [107] 1 Q.3
Beam-beam parameter per IR 0.0016

Peak luminosity [1026 cm-2s1] 32 oy

Ave. store luminosity [1026 cm-2s-1] 8 70

Polarized proton collision (250 GeV x 250 GeV):

Emittance (95%) um 20
Beta function at IR [m] 1.0
Number of bunches 112
Bunch population [1011] 2
Beam-beam parameter per IR 0.007
Ave. store luminosity [1030 cm-2s-1] 150

Wolfram Fischer BROOKHEVEN 3

NATIONAL LABORATORY



Maximum luminosity estimates: p-p, Au-Au, U-U

Maximum Luminosity Estimates for RHIC 11

Beam-beam parameter per IP

0.0123 0.0123

Charge number Z 1 1 79 92
Mass number A 1 1 197 238
Relativistic y 108 © 271 | 107 © 107 |
Revolution frequency kHz 78.2 78.2 78.2 78.2
Normalised emittance, 95%, min mm mrad 12 12 10 10 1
lons/bunch, initial 10’ 200 200 | 10 0.9
Charges per bunch 10°e 200 200 | 80 80
No of bunches 110 110 110 110
Average beam current/ring mA 275 275 110 110
Luminosity at one IP unit pP-p p-p Au-Au U-uU

0.0024 | 0.0023

B m 1.0 0.5 0.5 0.5
Peak luminosity 10°cm?s™t 150 | 750 | 90 67
Peak / average luminosity : 1.5 15 1.3 1.3
Average store luminosity 10 ecm?s™t | 100 500 70 52
Time in store % 5——55—1—60 ﬁﬂ\
Luminosity/week pb™" 33 166 | 25 19—
Luminosity/week, achieved pb'1 0.9 0.16
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Maximum luminosity estimates: Si-Si, Cu-Cu, d-Au, p-Au

Maximum Luminosity Estimates for RHIC 11

Beams unit Si Cu d p Au
Charge number Z 14 29 1 1 79
Mass number A 28 63 2 1 197
Relativistic y 108 108 | 107 | 108 = 107 |
Revolution frequency kHz 782 782 | 782 78 78.2
Normalised emittance, 95%, min mm mrad 12 12 12 12 12
lons/bunch, initial 10° 107 52 | 150 = 200 = 10
| b |

Charges per bunch 10’e 150 150 150 200 80
No of bunches 110 110 110 110 110
Average beam current/ring mA 206 206 206 275 110
Luminosity at one IP Si-Si  Cu-Cu dAu pAu Au-Au
Beam-beam parameter per IP 0.0046 = 0.0043 | 0.0024 @ 0.0048

0.0036" 0.0048"
B m 10 7 10 1 20 | 20 °
Peak luminosity 10°° cm's™ 42 10 28 37
Peak / average luminosity 1.3 1.3 1.5 15
Average store luminosity 10 cm?s™ | 32 8 19 25
Time in store % 55 55 1 55 55
Luminosity/week nb™ 108 25 62 83 >
Luminosity/week, achieved nb™ 2.4 4.5
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Challenges for RHIC |1

2 main challenges (apart from actual cooling):

1. Beam-beam interaction
* Cooling may result in non-Gaussian profiles

e Lighter (than Au) ions can always run at the
beam-beam limit

2. P*-squeeze to 0.5m for polarized protons
* Requires better control of lattice

Wolfram Fischer BROOKHRUVEN ©
NATIONAL LABORATORY



Towards RHIC 11

1. Understand and correct linear lattice

2. Measure and reduce modulations
e  Orbit modulations
e Tune modulations
3. Reduce or eliminate all nonlinearities
other than beam-beam
o Triplet errors (done)
 Nonlinear chromaticity
o Skew chromaticity

4. Reduce beam-beam effect
e Shaping of ion beam
e E-lenses
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1. Understand and correct linear lattice
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May-31-2005 15:11 Comment: Optics Measurements from yesterday's ac dipole beam exps. for normal
operational settings for YELLOW injection. Quite a lot beating in the arcs!! -ram
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2. Understand and reduce modulations (1)

10 Hz orbit oscillation leads to modulated beam-beam offset,
needs orbit feedback (— Christoph et al.)

-] Million Turn BPM Read Datafile Front Panel *
‘ate
[

File Edit Operate Tools Browse ‘Window Help
(© [0n] [198t Appication Fant__ |« B [wpa ][] [£5~]

Strong-strong simulation of e-growth (J. Qiang)

1.003

no offset

<

Dec-03-2004 10:08 Million-turn data at flattop,
from bo2-bh10. bo2-bh8 has signal problems

that I'll investigate later during the day. It seems
that 10Hz signal is present. TJS 5 sec
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FIGURE 2. Emittance evolution (averaged over horizontal
and vertical plane) with and without a time-modulated offset
beam-beam collision in RHIC.
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2. Understand and reduce modulations (I1)

Measured tune modulation spectrum in SPS -
not known in RHIC (- Kevinetal.)

Calibration line
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Figure 4.9: Natural tune ripple spectrum. Up to 250 Hz three natural tune ripple lines are above the
noise level (50, 100 and 150 Hz) as expected from the voltage power supply ripple. The large 60 Hz line
was introduced by the modulating quadrupole and is used for calibration purposes.
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3. Reduce nonlinearities other than beam-beam (1)

Correction of triplet errors — done (Fulvia)
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Feb-14-2005 14:57 Comment: ok - correction
done in IR8 - IR6 will wait until we resolve
the 12mm offset problem there -Fulvia
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3. Reduce nonlinearities other than beam-beam (11)

Nonlinear chromaticity — SteveT, Vadim
* Need to check with new dispersion fitting
e Hardware In place for Run-6/7

[& Analysis of Data — Yellow ring — Thu jJan 27, 2005 17:08:16 x
—Tune vs. Momentum
Fit order = 3
0,255
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0240
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Rou [_PLL X | &+ Sigma liune X #1liune X WolSelect | PLL Y | + Signa iune Y ¥i]iune ¥ #2[Sclcot M
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| 4 0| 0.235846| 3.93315e¢—05| 0.235352| 0.244141 PLL 0.236228 | 2.86892e-05| ©.235352| 0.151367 PLL
B 0.000672876| 0.234602| 0.000153771| 0.234375| 0.242188 PLL 0.237063 | 0.000238561 | 0.237305| 0.217773 PLL
I ©.00134575| 0.233599] 0.000107498| 0.234375| 0.243164 PLL 0.240742[ 0.000147032| 0.34082| 0.164062 PLL
[ 9] [ [ [ [3 0 PLL 3 0 0 0 PLL
[ 9] [ 3 3 3 0 PLL [3 3 0 0  PLL
| o o 0 0 o 0  PLL o 0 0 0  PLL
[ o] [ 0 0 [ 0 PLL [ 0 0 0  PLL
[ o] o [ [ ° o PLL | o 0 0 0 PLL |
E
0.981507 0.235457 | 0.000180828 -1.41321 0.208248 114,403 235.125 —60570.4 383540 J
| 0.998247|  0,235938| 0.00010565| —0,281648| 0.12167 | 3187.44 | 137.373 | —247268 | 224085 |-
= |
Set Peak #1 Set PLL | Close

Jan-27-2005 17:21 Comment: In this measurement we can clearly see the nonlinear chromaticity in the
vertical tunes. Note, the tunes were very close together during this measurement. We tried to separate the

tunes but lost the beam. We used 1.5mm radial steering. -Steve T, vp
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4. Reduce beam-beam effects

consider e-lenses for head-on
consider wires for long-range (eRHIC)

See tomorrow
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summary

2 main challenges (apart from actual cooling):
1. Beam-beam interaction
2. P*-squeeze to 0.5m for polarized protons

Need to:

1. Understand and correct linear lattice

2. Measure and reduce modulations

3. Reduce or eliminate all nonlinearities other than beam-beam
4. Reduce beam-beam effect
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